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Abstract
The recent development of smaH size portable information equipment has led to a strong
demand for cooling technology such as smaH size pumps that send coolant to narroⅥ/spac s
Research and development has focused on microscopic active parts such as the miniaturization
of the chemical analysis systenl, control of ricrometeoroid, and detection of■licro samples
with the development of medical treatment and biotechnology  A micro pump that supplies
liquid 、アith h堪封l precision to the microscopic space on a substrate is urgently required
Previously,an electromagnetic type pump utilizing a rotor has been adopted but it is not easy
to reahze a rlicroscopic electromagnetic pump because of its complex structure.  A further
problem is that impurities contanlinate the liquid due to the rnechanical friction of the bearings
An electro―hydro―dynanlical(EHD)pump has vattous desirable features that resolve some of
these technical problems.  The EXlD pump is composed solely of unsymmetrical electrodes
such as a ring and a disk.  ヽヽ「hen direct high voltage is apphed at one electrode and the other
electrode is electrically earthed, the dielectric hquid is pumped.  Bearing friction does not
contaHlinate the、vorking nuid and there is no generated noise because the EIID pump has no
rotating part and is electrostatic.  Furthermore,the mass nottr rate and fluid velocity is easy
to control.
ⅣIany types of EHD pumps,such as the ion drag type(Proposed by Oふ江.Stuetze  in 1959)
and the induction type,have been made in the past and their fundamental characteristics have
already been determined.  The ion type pumps liquid by utilizing Coulomb force derived from
the interaction bet、vee a direct electric field and a large quantity of ions emitted into a
dielectric liquid  However,the insulation of the liquid is poor as a result of the emission of true
charges to obtain the pumping force  The inductively static pump (prOposed byふ/1elcher,et
al), 、ア1■ich is driven by interaction between the inductive electric charge and an alternative
traveling electric lield, attempts to avoid this poor liquid insulation quality by removing the
contact between the electrodes and liquid.  The maior dOヽVnside of this method is that the
structure of the equipment becomes very complex.
This paper discusses the main pumping forces of pumps constructed by electrOdes of
various configurations as a background to the development of a ne、v type EHD pump utilizing
electrostriction force Ⅵrithout the emission of true charges  The fundamental characteristics
Of the EIID pump are clarined through a discussion of the electrical pressure generated in the
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pump  On One side of the l」type,the EIID pump is composed of a severalrnilhmeter ring and
ten several milhmeter cylindrical electrodes and the electrical pressure is calculated frona the
direrence between the right and left levels of the liquid  HO、vever,in spite of increas ng the
apphed voltage,the liquid was still not pumped and a discharge occurred bet、、アeen lectrodes
TherefOre,unstable phenOmena such as those caused by the lllnuence Of the electrode construc‐
tion, kind Of working nuid, angle at Ⅵ/hich the ring electrode meets the cylindrical electrode,
temperature of the working nuid, and the polarity of the electrode were experimentally
exanined to deterHine the stable conditions for the EHD pump  As a result,the electrostric‐
tion force was fOund to be generated stably in a horizontal EIID pump consisting of a ring
electrode and a disk electrode.
The summaries in each chapter are as follows:
Chapter l,the introduction,gives a historical background of the EHD,the purpose and the
contents of the paper
Chapter 2 describes features ofion drag pumps and induction pumps and the features of the
EIID pump propOsed in this paper.
Chapter 3 describes attempts to transport dielectric liquid against gravitational force
The vertical transportation of dielectric liquid against gravitational force is conarmed to be
possible by applying voltage to the EHD pump placed in one side ofthe U type acryhc pipe.  In
this case, the EIID pump was composed of a ring electrode and a cylindrical electrode,  A
summary of a method for calculating the electrical pressure frona liquid displacement is also
described and the fundamental characteristics and apphed voltage characteristics under electri_
cal pressure are examined.  The apphed voltage required to generate the electrical pressure
was found to have a threshold value  The electrical pressure was increased with a rise in the
applied voltage and reached 810 Pa at a voltage of 30 kヽπ
Chapter 4 describes the results Of experilnents aiined at deter■inil■g the correl tion among
the electrOde shape and the si5e of an EIttD pump and its pumping force
Corona discharge from electrodes、、アas detected in pumps consisting of several millimeter
ring electrodes and tens of rnillimeter square cyhndrical electrodes.  Because the working nuid
n。、vs fr。lxl the cathode to anode乱ア1len the polarity changes,the pumping force seems to consist
mainly of Coulomb force generated by corona discharge Or electron emission frona the cathode.
In a vertical transH五ssion pump in which ring and cylindrical electrOdes are arranged in parallel
in the vertical direction,1lquid、ん′as pumped frollュthe cyhndrical to the ring electrodes and the
corona discharge Ⅵ/as detected,so the Coulomb force supplied to the electric charges by this
discharge, along with the electrostriction force, apparently acts on the liquid.  When a ring
electrode is arranged perpendicularly to a cylindrical electrode,liquid is pumped fronュthe ring
electrode with a strong field to the cylndrical electrode with a、、アeak neld,so the Coulomb force
generated by the corona discharge is the pivotal pumping force,  In an intravascular EHD
pump consisting of several millimeter ring and square cyhndrical electrodes, which 、キアas
developed prior to an EIID micropump,liquid nows frorll the cathOde to the anode regardless
of the polarity of the electrode in the absence of the corona discharge.  This result indicates
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that the Coulomb force generated by electron emission froni the cathode into the liquid is the
pivotal pumping force  lf the ring and the disk electrodes are placed horizontany within a
circulation pipe,the corona discharge does not occur between electrodes,and the liquid no、′、「s
froln the disk to the ring electrodes when the polarity of the electrodes changes,so the pumping
force is shown to consist chiefly of an electrostriction force, which is deterHlined from the
square of electric field
The above results indicate that a horizontal transHlission EIID pump,which utilizes the
electrostriction force and does nOt require true charges,can be developed using the ring and the
disk electrodes
Chapter 5 quantitatively demOnstrates that the electrostriction force is proportional to the
space slope representing the square of the electric neld.、アhen n npolar iquids such as silicone
oil are used as the working fluid for EHD pumps
Chapter 6 discusses the practical conditions for stable operation of EHD pumps fronュthe
perspectives of the shape and combination of electrodes,angles formed between the ring and
the cyhndrical electrodes,temperature and properties of working nuids,p01arity of electrodes,
and the direction of liquid transHlission.
Chapter 7 describes future apphcations of EIID pumps that are proposed in this paper
The chapter begins、vith a discussion of the applications of EHI)pumps to rnicropumps ofrnicro
chemical analyzers used in medical and biotechnological nelds  This is foHowed by a discus―
sion of the usefulness of EHD pumps for the reflux of condensate fronl large―capacity l ng
―range EHD heat pipes
Chapter 8 concludes and su■rllarizes the results of this study.  The main points are as
foHows:
(1) The cOrrelation bet、veen the electrode configuration and the pumping force 、キアas
studied by using various shapes and sizes of electrodes for EIID pumps  Developing an
EIID pump that uses electrostriction force as the pumping force and does not need added
electric charges is possible when ring and disk electrodes are used.
(2)An EHD pump consisting of a several rnillinleter ring and cylindrical electrodes is
attached to one side of a U―tube and dielectric liquid is pumped up in the vertical direction
contrary to specinc gravity.  Electrical pressure is then calculated frona the difference in
the surface levels between the two ends of the U―tube and an electrical pressure of about
810 Pa is obtained at an apphed voltage of 30 kV
(3) Stable pumping can be achieved by using a pump,consisting of ring and disk elec‐
trodes,and using an electrostriction force to transport the llquid horizontany
(4) Pumping operation is lnore stable when the relaxation tilne for the electric charges
in the hquid is shorter, since the temperature of the ゃ、アorking nuid is loMr and electric
conductivity is about 10-10S/m.
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